Infective endocarditis is a severe disease with high mortality. Despite a global trend towards an increase in staphylococcal aetiologies, in older patients and a decrease in viridans streptococci, we have observed in recent studies great epidemiologic disparities between countries. In order to evaluate these differences among Mediterranean countries, we performed a PubMed search of infective endocarditis case series for each country. Data were available for 13 of the 18 Mediterranean countries. Despite great differences in diagnostic strategies, we could classify countries into three groups. In northern countries, patients are older (>50 years old), have a high rate of prosthetic valves or cardiac electronic implantable devices and the main causative agent is Staphylococcus aureus. In southern countries, patients are younger (<40 years old), rheumatic heart disease remains a major risk factor (45-93%), viridans streptococci are the main pathogens, zoonotic and arthropod-borne agents are frequent and blood culture-negative endocarditis remains highly prevalent. Eastern Mediterranean countries exhibit an intermediate situation: patients are 45 to 60 years old, the incidence of rheumatic heart disease ranges from 8% to 66%, viridans streptococci play a predominant role and zoonotic and arthropod-borne diseases, in particular brucellosis, are identified in up to 12% of cases.
Introduction
Infective endocarditis (IE) is a life-threatening disease most often caused by bacteria. Its epidemiology varies greatly according to geographic area [1] . Over the past decades, the eradication of acute rheumatic fever in high-income countries has led to a progressive replacement of IE related to prior rheumatic disease in younger patients by cases related to degenerative valvulopathies, prosthetic valves and cardiac implantable electronic devices (CIED) in older patients [2] .
Nosocomial and non-nosocomial-acquired cases have risen, as has the proportion of IE caused by staphylococci. In lowincome countries, in contrast, rheumatic disease remains the main risk factor [3] and streptococci the most frequent causative agents. In addition, the rate of blood culture-negative endocarditis (BCNE) is elevated. This latter characteristic may be explained by the early use of antibiotics before blood culture collection and the elevated incidence of zoonotic diseases, including brucellosis, bartonelloses and Q fever. However, the aetiologies identified strongly depend on the diagnostic methods and strategies used. The more standardized and diversified the tests, the lower the rate of IE without any identified aetiologic diagnosis [4] .
To date, no study has focused on the aetiologies of IE in the Mediterranean Basin despite the heavy travel of the population from country to country. Our objective was therefore to describe the profiles of microbial aetiologies of IE in Mediterranean countries.
Methods
We searched the international literature for series of patients, by country, diagnosed between 1990 and 2018, using the MeSH terms 'endocarditis' and 'Albania,' 'Algeria,' 'Bosnia,' 'Croatia,' 'Egypt,' 'France,' 'Greece,' 'Israel,' 'Italy,' 'Lebanon,' 'Libya,' 'Malta,' 'Montenegro,' 'Morocco,' 'Slovenia,' 'Spain,' 'Tunisia' or 'Turkey.' We excluded series of ten patients or fewer, articles that did not describe the identified aetiologic agents or articles that were focused on specific causative agents.
In order to compare the epidemiologic characteristics of IE among Mediterranean countries, we performed a principal component analysis with the open-source statistical software R [5] and the FactoMineR package [6] using the following characteristics: patient age, ratio of rheumatic heart disease (RHD) and percentages of Staphylococcus aureus, coagulase-negative staphylococci, viridans streptococci, Streptococcus gallolyticus, Enterococcus spp., Gram-negative bacteria, zoonotic and arthropod-borne bacteria, fungi and other microorganisms.
Results
Our literature search retrieved 6, 3, 5, 35, 38, 1452, 203, 339, 831, 35, 0, 9, 1, 23, 24, 816, 37 and 491 articles on endocarditis published between 1990 and 2018 for Albania, Algeria, Bosnia, Croatia, Egypt, France, Greece, Israel, Italy, Lebanon, Libya, Malta, Montenegro, Morocco, Slovenia, Spain, Tunisia and Turkey, respectively. Of these, on the basis of our selection criteria, we only retained 0, 1, 0, 2, 1, 8, 2, 4, 6, 2, 0, 0, 0, 3, 1, 6, 5 and 11 articles, respectively. We acknowledge the fact that our study suffers from several limitations, notably that the numbers of patients are highly variable according to studies and countries (18 to 2756) , that recruitment and diagnostic methods are heterogeneous among studies and that the time frames covered by the selected articles may vary depending on countries, from 1974 to 2014 in Turkey to 2010 only in Egypt.
Albania
No data were available on IE in Albania, except a few cases reports of S. aureus [7, 8] and Streptococcus bovis [9] endocarditis.
Algeria
In Algeria, few studies on endocarditis have been published. The most comprehensive is a study by Benslimani et al. [10] of 110 cases diagnosed in 108 patients and in seven referral hospitals in Algiers, Algeria's capital, from 2000 to 2003. In addition to a young mean age (Supplementary Data), poor living conditions and overcrowding were frequent (61%). Blood cultures were sterile in 62 cases (56.4%). Zoonotic and arthropod-borne agents were identified in 18 cases (16.4%). In particular, Bartonella quintana, the agent of trench fever, caused 12.7% of cases, representing a high risk for patients living in poor conditions in this country. In addition, Q fever, although an active agent of IE in Algeria, is rarely diagnosed as a result of the lack of appropriate tools.
Bosnia
In Bosnia, two IE case reports have been published, including one caused by Brucella melitensis [11] and one caused by Streptococcus pneumoniae in a 12-year-old child [12] . In addition, although no case of endocarditis has been reported in the scientific literature, Q fever is common in Bosnia, with 373 cases diagnosed between 1998 and 2003 [13] .
Croatia
In Croatia, two recent IE series totaling 324 patients have been published [14, 15] . The mean patient age ranged 54.5 to 63 years old. Although the causative agents are not fully detailed, S. aureus is the main pathogen (35%), followed by viridans streptococci (20.1%) and enterococci (14.6%). Q fever was identified in one patient in one series, but no information was provided regarding other zoonotic and arthropod-borne microorganisms.
Egypt
In a 2010 series of 132 patients with IE in Egypt, the patients were young (mean age, 31 years; Supplementary Data) and had high rates of RHD, prosthetic valves and negative blood cultures (25.0%, 30.3% and 69.7%, respectively) [16] . The main identified microorganisms were S. aureus and viridans streptococci (10.6% of patients each), but zoonotic and arthropodborne agents, including Brucella spp. and B. quintana, infected 3.7% of patients (Supplementary Data). Moreover, Q fever, although not detected in this series, is endemic in Egypt and may thus also cause cases of BCNE [17] . The addition of serologic and PCR assays enabled a reduction of patients without an identified causative agent from 69.7% using blood culture to 49.2% [16] .
France
In France, several studies have described large series of IE cases (Supplementary Data). In an attempt to evaluate the impact of the discontinuation of systematic antibioprophylaxis in case of dental treatments, Duval et al. [18] compared three cohorts of IE cases diagnosed in 1991, 1999 and 2008. They observed that this drastic prophylaxis change did not result in an increase in streptococcal IE. Rather, the authors observed an increased frequency of staphylococcal IE, caused by both S. aureus and coagulase-negative staphylococci. Such a trend may be explained in part by the increasing number of prosthetic valve and CIED infections (Supplementary Data). Hoen et al. [19] compared a cohort of 390 patients with IE diagnosed in 1999 with a previous series from 1991. They observed a reduced incidence of IE caused by oral streptococci but an increased role of group D streptococci and staphylococci, as well as an increased rate of early valve surgery [19] . We acknowledge the fact that the latter two studies may partially be redundant, as some patients were included in both for the year 1999 [18, 19] . This was taken into account in the Supplementary Data to avoid a biased representation of the French epidemiology. Mourvillier et al. [20] and Sonneville et al. [21] studied 426 patients with severe IE requiring admission to the intensive care unit. They reported that 26.3% of cases were healthcare associated, with a predominant role of staphylococci, in particular S. aureus (48.3% of patients), which was an independent factor of poor prognosis. The overall mortality rate was high (49.0%) and was higher in patients with prosthetic valve endocarditis (58.8%). Demonchy et al. [22] observed a high rate of IE complicating prosthetic valves or implantable cardiac electronic devices (ICEDs) (42.4%) and a predominance of staphylococcal infections (31.8%). By studying 197 IE cases occurring in patients with ICEDs, Deharo et al. [23] observed that blood cultures were negative in 60.4% of cases and that staphylococci were by far the most common agents (71.6%). However, globally, the rate of BCNE in France ranged from 6.0% to 9.0% of cases; zoonotic and arthropod-borne agents accounted for 0.8% to 1.5% of IE cases [19] [20] [21] [22] . Finally, by focusing on patients with BCNE, we observed that Bartonella spp., Coxiella burnetii and Tropheryma whipplei were responsible for 25.5% of cases and that 1.8% of patients had noninfective endocarditis [24] .
Greece
In Greece, two studies dating to the early 2000s described a total of 296 patients [25, 26] . The mean age of patients ranged from 54.4 to 63.3 years. RHD was identified in up to 14.3% of patients [26] , but the prevalence of prosthetic valve endocarditis was also elevated (21.5-30.7%). Oral streptococci and S. aureus exhibited similar incidences (18.8-20 .5% and 17.4-21.8%, respectively), but a discrepancy was observed between both series regarding the incidence of Enterococcus spp. IE (2.9% and 37.6%, respectively). Zoonotic diseases (brucellosis and Q fever) accounted for 2.8% of cases in one series [25] .
Israel
In Israel, three IE series were published that spanned the 1980s and early 1990s [27] , the 1990s [28] and the 2000s [29] . The patients' mean age increased over time, from 50 years old in the earliest period [27] to 65 years old in the latest [29] . This higher mean age is similar to those observed in European countries [27] [28] [29] . The rate of RHD decreased from 37% in the 1980s to 8% in the 2000s (Supplementary Data). Inversely, the rate of prosthetic valve endocarditis increased from 27% to 39%, as did the death rate, from 15% to 33%. The microbiologic spectrum of IE agents in Israel has also evolved, with an increasing prevalence of staphylococci, notably S. aureus (up to 31% in the most recent study) and enterococci, but with a reduction of streptococci (Supplementary Data). Few cases of brucellosis were diagnosed [27, 28] [31] observed that Q fever may cause low-grade infection and should be part of the systematic screening of BCNE in Israel. No case of Bartonella endocarditis was detected, but no specific tools were used to detect these bacteria.
Italy
In Italy, the incidence rate of IE is 4.6/100 000 person-years, with a higher rate in people older than 65 years (11.7/100 000 person-years) [32] . Several studies demonstrated temporal changes in IE epidemiology, similar to those observed in other European countries [32] [33] [34] [35] [36] [37] : an increase in patient age (57 to 69 years old, depending on the series), rate of prosthetic heart valve and comorbidity factors such as diabetes mellitus, chronic renal failure and cancer [33] . In the largest series, Leone et al. [35] reported 1082 IE cases. Prosthetic valve endocarditis and ICED infections represented 25.6% and 4.8% of cases, respectively. The main IE agent was S. aureus (21.9%), followed by viridans streptococci (17.7%), enterococci (13.3%), bovis-group streptococci (11.0%) and coagulase-negative staphylococci (10.9%). Similar distributions of causative microorganisms were reported in other Italian studies [32] [33] [34] 36, 37] . Other characteristics of IE in Italy include an elevated ratio of healthcareassociated cases (12.4-64.6% of cases) and a low rate of zoonotic and arthropod-borne microorganisms, notably C. burnetii and Bartonella spp. [37] , although specific diagnostic tools for these agents are not routinely used in published studies [34] [35] [36] and their incidence might thus be underestimated. Regarding IEassociated in-hospital mortality, Cresti et al. [32] observed an increase from 1998 to 2014, with being elderly associated with a worse prognosis.
Lebanon
In Lebanon, RHD has remained stable over time (15-16%), but the patient age has increased, as have the ratios of IE on prosthetic valve and ICEDs, many of which were nosocomial (Supplementary Data). Although the prevalence of streptococcal infections has decreased, they remain predominant, but infections caused by coagulase-negative staphylococci and enterococci are more frequent [38, 39] . Zoonoses and arthropod-borne infections are not detected in published series, but Q fever is present in Lebanon and should thus not be overlooked in patients with BCNE [40] .
Libya
No data were available on IE in Libya.
Malta
No data were available on IE in Malta.
Montenegro
No data were available on IE in Montenegro.
Morocco
In Morocco, patients with IE were young (22-27.5 years old) [41, 42] , had a history of RHD in 63% to 77.8% but few valvular prostheses (3.8-5.5% of patients). BCNE represented two thirds of all cases of IE. Viridans streptococci were the most prevalent causative agents (15.9-27.8%). Although present, zoonotic and arthropod-borne infections were underdiagnosed because of the lack of appropriate diagnostic tools [43] .
Slovenia
In Slovenia, a single series of patients with IE has been published [44] . However, this study focused on patients who had undergone valvular surgery and were tested by 16S ribosomal RNA PCR from valvular biopsy samples. In 21 patients, a microorganism was identified, including S. aureus in seven, followed by coagulase-negative staphylococci and viridans streptococci in four each and enterococci in three [44] . In addition, a few case reports of IE caused by Abiotrophia defectiva [45] , Bartonella henselae [46] and Candida spp. [47] have been reported.
Spain
Several large IE studies have been published in Spain [48] [49] [50] [51] [52] , including a temporal trend study over a 12-year period [50] . In [51, 52] , the prevalence of prosthetic valves (37.4%) and CIEDs (1.1%), and the proportion of patients who underwent surgery (18.3-26.5%). In contrast, and similar to what is observed in other European countries, rheumatoid heart disease (8.9%) and intravenous drug use (2.6%) decreased considerably [50] . Depending on the study, about one third of IEs were healthcare associated [51, 52] . In addition, the in-hospital mortality rate did not significantly change, ranging 20% to 29%, depending on the series. Regarding the aetiologic diagnosis, the incidence of viridans streptococci decreased (24.0-12.3%), that of S. aureus remained stable (~20%) but those of enterococci (10.3-16.7%) and coagulase-negative staphylococci (8.0-14.4%) increased (13.1%). Regarding zoonotic and arthropod-borne causative agents, when searched, Q fever is regularly detected (1-4%), whereas Brucella spp. (0.05%) appear to be uncommon IE agents in Spain. As for Bartonella spp., they may be underdiagnosed in Spain because specific diagnostic methods are not routinely available in all diagnostic laboratories.
Tunisia
In Tunisia, patients with IE exhibited an age range of 29.9 to 34.2 years [53] [54] [55] [56] [57] . Similar to other southern Mediterranean countries, a history of RHD was frequently reported by patients (44.8-93.0%), the rate of BCNE was elevated (49.2-69.0%) and the main identified causative agents were viridans streptococci (10.7-23.8% of patients) [53, 54, 56, 57] . Zoonotic and arthropod-borne agents were frequent (up to 8.9% of cases), but Znazen et al. [58] demonstrated the major role of Bartonella spp., in particular B. quintana, and proposed that Bartonella serology should be systematic in case of BCNE in this country.
Turkey
In Turkey, endocarditis appears to be a frequent disease. In an article summarizing the data of 857 Turkish patients with fever of unexplained origin from 13 articles, IE represented 4.5% of all cases, 5.4% of patients with an identified aetiology and 9.6% of all infectious aetiologies [59] . Despite the improvement of medical technology in this country, acute rheumatic fever remains a serious public health threat and the primary cause of valvular heart disease [60] . An analysis of the Turkish registry of heart valve disease demonstrated that 46% of patients had a history of RHD, with a clear causative link between the disease and mitral stenosis or multiple valve disease [60] . Since 2001, 11 series of patients with endocarditis in various areas of Turkey have been published (Supplementary Data), for a total of 1433 patients diagnosed and treated in 40 hospitals in Turkey [61] [62] [63] [64] [65] [66] [67] [68] [69] [70] [71] . These studies span a period from 1974 to 2014, so the epidemiologic data should be analysed with caution. However, 1215 of the 1433 patients were diagnosed since 1997. Endocarditis mostly occurred in male subjects (male/female ratio, 1.38) with a mean age of 44 years old (Supplementary Data). Rheumatic valvular disease was highly prevalent (37.6%), including in the most recent studies. The death rate was 25.8% (range, 15.0-36.4%). Blood cultures were negative in 36.8% of patients (range, 16.0-57.1%). Staphylococcus aureus was the main agent of endocarditis (29.1%), followed by viridans streptococci (20.5%), coagulase-negative staphylococci (17.0%) and Enterococcus spp. (11.1%). A striking characteristic of IE in Turkey was the high prevalence of Brucella endocarditis (7.5%; range, 0-27.7), as previously reported [72, 73] . In addition, it should be noted that other zoonotic agents such as Bartonella spp. and C. burnetii might be present in Turkey but may be underdiagnosed because they are not systematically searched for. In the 11 reviewed studies, Bartonella and Q fever serology were not used in the diagnostic panel for endocarditis, but two cases of Bartonella endocarditis were diagnosed by culture, and Q fever endocarditis has been reported [74] , thus suggesting that these agents should be included in the diagnostic screening of IE.
Principal component analysis
Principal component analysis distributed Mediterranean countries within three groups: Algeria, Egypt, Morocco and Tunisia; Israel, Lebanon and Turkey; and France, Greece, Italy and Spain. Croatia and Slovenia were not included in the analysis because the IE series available lacked several of the criteria used in the analysis or included only patients who had undergone valvular surgery, respectively.
Discussion
Around the Mediterranean Sea, the epidemiology of IE varies according to country (Figs. 1 and 2 ). In southern countries (Morocco, Algeria, Tunisia, Egypt), RHD remains a major risk factor (25-93% of patients) and explains the young age of patients (22-40 years old). In contrast, the ratio of patients with prosthetic valves ranges from 3.8% to 30.3%, and CIEDs are rare. BCNE remains highly prevalent (49-69% of cases). When identified, causative agents are dominated by viridans streptococci (up to 28%), followed by S. aureus (up to 22%). Zoonotic and arthropod-borne agents are frequent (up to 16.4% of patients) and are dominated by Bartonella spp. In northern countries (Croatia, France, Greece, Italy, Spain), RHD is no longer a risk factor of cardiovascular diseases (<5% of patients). The ratio of patients with prosthetic valves and/or CIED is higher than in southern countries and ranges from 21.9% to 33.7%. The mean age of patients with IE ranges from 51 to 69.5 years. BCNE represented 5.5% to 29% of cases. The main causative agents are S. aureus (8.0-26% of patients), followed by viridans streptococci (2.8-24.4%), coagulase-negative staphylococci (0.8-20.0%) and enterococci (3.0-16.7%). Zoonotic and arthropod-borne agents are rare (0.7-8.3%) and are dominated by Bartonella spp. in France and Italy and by Q fever in Spain. Brucella IE is rare in Spain and Italy and is not detected in France.
In eastern countries (Israel, Lebanon, Turkey), distinct situations are observed, as follows. In Lebanon and Turkey, the age of patients (46.6-53.3 years old) is younger than in European countries but older than in southern countries, and the prevalence of RHD ranges from to 15.1% to 66.2%. Zoonotic and arthropod-borne diseases, especially brucellosis, represent up to 12.5% of cases in Turkey, but they are not part of the systematic screening of IE in Lebanon, although present. In Israel, patients are older (50 -66 years old), but up to 36.6% of patients may have a history of RHD, and viridans streptococci are still more frequent than S. aureus. Surgery rates varied greatly from one country to another: 10.2% to 15.8% in Morocco to 13.4% to 75.6% in Turkey (Supplementary Data). In addition, no correlation (R 2 = 0.0018) could be found between surgery and in-hospital mortality rates (2.8% to 34%) among studied series or Mediterranean countries ( Fig. 3 ; Supplementary Data).
Conclusion
Despite a global trend towards an increase in patient age and staphylococcal aetiologies in endocarditis, great epidemiologic disparities remain among Mediterranean countries. In addition, the diagnostic methods, notably the use of specific serologic assays for the detection of zoonotic and arthropod-borne agents, are heterogenous, despite the need for specific antibiotic therapies for diseases such as brucellosis, Q fever or Whipple endocarditis.
